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[CLAIM 1] 

In the single-crystal growth apparatus which to 
comprise a melting pot which accommodates a 
raw material of a single crystal to grow, heat 
means which carries out heat-melting of the 
above-mentioned raw material and means 
which pulls up, growing up a single crystal from 
the melt solution in the above-mentioned 
melting pot, a cylindrical metal shield member 
reduced to the bottom from the upper side 
which is arranged in the upper part of the melt 
solution in the above-mentioned melting pot, 
and the perimeter of the pulling-up region of a 
single crystal, a cooling means attached to this 
metal shield member, and a cylindrical shield 
member arranged in the outside of the above- 
mentioned outer circumferential surface by 
separating a required interstice to shield the 
outer circumferential surface of the above- 
mentioned metal shield member from the 
emission from a melting raw material and the 
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source of the radiant heat are comprised. 

The single-crystal growth apparatus 
characterised by the above-mentioned. 

[$m^2] [CLAIM 2] 

i#*$ftO$4^<7)±^"t s &>o"C\ The cylindrical metal shield member reduced to 

S.o^T'nHE3^^li::ffeJc^ll!ffl;i the bottom from the upper side which is 

Sdtx^Ji, iifUJ/^o "Kft'JIifp]^' arranged in the upper part of the melt solution in 

9 ['lit ^XW&£fat~W\'tf\(Dfe the above-mentioned melting pot, and the 

WkWMfflMtf<Dft-M\5i<nM\\- perimeter of the pulling-up region of a single 

W^(D?aWM £filTTSdt££ti/i crystals made from graphite, 

ff 'fc(DmmUtt?r>m'M-Zh% The single-crystal growth apparatus 

1 1 ^Wi^t-f-^^m^co^ described in the 1st claim characterised by the 

ffl^ 1 m t E € <D m ffi as r& S ^ above-mentioned. 

[Mc0t¥4ffeM] [DETAILED DESCRIPTION OF INVENTION] 



[mm±.^\m^m [industrial application] 

^IPjliif" a ^ 7/>^ :3 r— This invention relates to the single-crystal 

cfc <5 pfSal^Jl^fiLi- flip's 1) growth apparatus by the Czochralski method. 

[VtM&ffi] [PRIOR ART] 

W> 3 HHi— jtx^ft^ 3 7 y/u^. Third diagram is a typical sectional drawing of 

(CZ ?£) (I i 6 ^-Ibhb the principal part of the single-crystal growth 

^^^gcO^^OtlitWIffSH apparatus by the general Czochralski method 

-Cfc5 3 1 liUl^L^l^-r > (CZprocess). 

^^J!lfiat/iitf^T*?o-C/7 1 is the melting pot distributed in the chamber 

7r 4 hS^^ts 1a co^ffj;z not to be illustrated. It is constituted of the 

^j£®icD^§5 1b ^rfiSLfir.ffl double structure that a vessel 1b made of 

ftliaJ-f^fijc ^rcOTl&n^^ 3 quartz is arranged in the inside of the vessel 1a 

tiLTflzmti made of graphite. 

&E(j£-ti:6$lfe 1c ^HS^tiT A shaft 1c which rotates and moves upward 

l ^<5o ^/litfi^ 1 (OJUfflJifjiR and downward this is connected with the center 
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WiB^^-t^^it 2 f/\ 9i;ix\j of the lower bottom-part. 

1 (D k~}j',z.'.tWvnaB 3 liffc-fk Moreover a tubular heat-emitting body 2 is 

$-tt/i'P-TnHB 4 *-§!±it"5^!± arranged in the perimeter of the melting pot 1. 

^Ix (HJ^-tiT) £>Q\}.tix$£tl~Z Furthermore, the pulling-up means (not shown) 

I s} b- to pull up the single crystal 4 grown up into the 

rfn L"C, ' <0 X o t£'ivmrfi5k seed crystal 3 is arranged in the upper part of 

li;:fcot! t TO 1 ft i i & W the melti ng pot 1 . 

Lfc® 2 !I «fc Jjp$ Thus, in such a crystal growth apparatus, 

L#>, ■?:<£> St *f£i~J§ Liz heat melting of the raw material accommodated 

Wfem 3 *-^l±^lx!^T|H]te L in the melting pot 1 is carried out by the heat- 

ooifif, fl^ctj 3 cOTiifi emitting body 2. The seed crystal 3 dipped in 

^f-Sl4 ^ fi£ II it L -5 =fc o the melt solution is pulled up with the pulling-up 

!i^ot^5a means, rotating it. 

— Ixl^^-zlnHQ^^I-hif *rfT 9 A single crystal 4 is grown at the lower end of 

41 3\ ^-^^l±ifii^(±, a seed crystal 3. 

!f ^/|o];i^j!"t 5 ¥-f"nHH^fm/^^i Generally, when pulling-up a single crystal, 

& W£Wl%'^h 9 , the pulling-up velocity is in a relationship closely 

&^#BifHtf>3l±!f 2rtT 9 i^fiff- with the temperature gradient of the single 

SoH$rBff^W±^£^^)Sdi-lx crystal in the pulling-up direction. 

A£"i"£>!&Ic/& s &><5 3 i-l5"C_h For efficiently pulling-up a single crystal, a 

fSt/c$ntgS"CI±^^HB4C0 single crystal needs to be set as the 

nW^\tm^\ , WkW^mi temperature gradient more than a 

ffl^0)tS#tfft$ji#*>oT rft predetermined. 

^7i)^S!t 5$Slhf^Ji;^f3*J6T Incidentally, in the apparatus which was 

^CcF < > ^f^^Ji-^P-^REfl 4 co^l described above, there are sources of a radiant 

±#[S](d:fctt5tfiU£4ggE;d s 'h£ heat, such as a melting pot 1, a heat-emitting 

< ft "9 N ^£ff B c03l±if$J^ body 2, and a melt solution, in the perimeter of 

ffil N i l N 9 Xfcft h-ofic a single crystal 4. The amount of radiant heats 

"coxf^i: LTt£5k!i&>oT received from these is very large. 

tt$J4 M^7fki'iU< itfift 1 <£>± The temperature gradient in the pulling-up 

JyX'h o T ilpi 4 co ^ | _t;f 1$ direction of a single crystal 4 becomes small 

WJiHd, l¥^Ity^ 7a inevitably. 

ir^^F^ftiJjffi^^T^I-lBjTl* There was a fault that the pulling-up 

o ii^o Tfsfl L W&i?M<D efficiency of a single crystal was low. 

-r— 7b <b#*£>&5$#t* As this countermeasure, conventionally, the 

? y — y 7 ^rlddx-f 5ffi^/i^H constitution which arranges the radiation screen 
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^-5 (tf^HS 57-40119 7 which consists of a flat cyclic rim 7a and a 
: taper part 7b of a cone trapezoid reduced from 

IcDfgft^? !i->7;:i;o the inner-side edge to the lower part, in the 
Tift*® 1 , 2 S.O K 'Stift ^ upper part of a melting pot 1 and the perimeter 

fi CD $i 1+ $1 & ill Ifr L, pIhb b b of the pulling-up region of a single crystal 4 as 
4 cO^I±^f fp]i;^;t <SimO£^ffi shown in Diagram 4 is proposed (Japanese 
*riS5#>, £ fi^B^.'lf--^' Patent Publication No. 57-401 19). 

ii^/^bitf^ 1 il|R]:t"rlni*$ The radiant heat from the melting pot 1, the 
fo5 Ar t'^D^-r y 7#*£J# heat-emitting body 2, and the melt solution, etc. 
±i@i 1 F^H^^L, if*® 1 is interrupted with this radiation screen 7. 

ffcZfoZ SiO 1 (7) The temperature gradient in the pulling-up 

T^/i'##. ;:/j^f t >^ direction of a single crystal 4 is raised. 
CD^^i'#rtji"S J; ") I- Ltfc Moreover a carrier gas like Ar which is fed 
<So toward the melting pot 1 from the upper part of 

a chamber, is guided into the melting pot 1 
simultaneously. SiO gas formed from the 
melting pot 1 is guided underneath the melting 
pot 1 . 

It is made to eject from here into the outside 
of the chamber. 

[mmfrffifctx o t-fzmm [problem addressed] 

However in the above-mentioned conventional 

L7$>L±j£ L/i$n#!^5fe(D^g apparatus, Between a melting pot 1, the heat- 

I'fcoTfiHlt*^ y 7 I- emitting body 2, the melt solution, and the 

<£ o ~C±P® 1 , 2 N single crystals 4 is interrupted with the radiation 

m t ^ H H u 4 > c«^ji$T £ ft screen 7. 

5$^, liiy^j©-^^ As a result, the primary radiant heat from 

tt&Jt'MffiZtiZiiW. rft these is interrupted. However, the radiation 

ioTUtt*^ y — > 7 gf£ screen 7 itself is also heated by this to a high 

kr$j7m(^0^£ft<5lnl^ — & temperature. 

ffilf$Jri s ¥$aiS 4 t'fojttT^ctt As a result, a secondary radiant heat is radiated 

£ ft, §M£b b h 4 g f^cD^SP^m toward the single crystal 4. 

#-f-#"C*# < , %tzM$l*'7 V Cooling effect of a single-crystal 4 itself is not 

— y 7 £}ifcl£§z$,X°J&f]!si&friZ> enough. Moreover the radiation screen 7 itself 

frMM^h^.-fZ) SiO is formed with metal. 
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wl ; t & ;a <n ri 36 ; i m m %it* 



4r ^_ -Jv 

50 O / _ . 



5o 



However, because of SiO gas which emits 
from the melt solution, or the high temperature, 
melting degradation is carried out and its 
durability is short. 

The melting degradation substance drops in the 
melt solution in the melting pot 1 and then the 
melt solution is contaminated. 

Moreover there was a problem of a drop 
substance itself inducing a polycrystalisation. 

This invention is made in view of such a 
situation. 

The objective is to provide a single-crystal 
growth apparatus which forms a temperature 
gradient in the pulling-up direction effectively to 
a single crystal, and raises the pulling-up 
velocity of a single crystal, and prevents the 
foreign material from dropping and mixing into a 
melting pot. 



£ ftK l it &m mm m %m t m 



[SOLUTION OF PROBLEMS] 

In this invention apparatus, it comprises a metal 
shield member which attached a cooling means 
and a shield member made of graphite which is 
arranged between this and the periphery of this 
metal shield member by separating a interval. 



am) 

Sb b b 3 1 ± if £ ft < *m L ft 
X, f£&Jj$}X*<D OSF,« 



[Effect] 

This can raise the temperature gradient in the 
pulling-up direction of a single crystal, and 
keeps the crystal pulling-up velocity high. 

Moreover, quality, such as OSF in the growth 
direction and oxygen precipitate, may be 
improved. 



[Example] 
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U T « m *r * vO 'U & $ *r ^ -f 
deleft (£AT*%Wm&± 

ib^^Wts 1a £>f*HfliJ^>&3£®i 
^££5 1b Srgfi^L^rfitHig 

ft Tfc !) , ^ria^ 

^#£-£5*4 1c #ig$££ftT 
l^5 a S/iTO 1 coflij.^li'fiz 
ft t (D [a] ! ' Fjf g <7) ffH 11 M X X 

^ H B 0 4 tf> si ± !f jh ii:;n 

i^!^ /hMffi^T^LTgfi 

r ft I ' ® MX ¥l£ £ til J* 
-fS^P^^/Rt 8a « 

mmi^mzhx^z. 



This invention is concretely demonstrated 
below based on the drawings which show the 
Example. Diagram 1 is a typical sectional 
drawing of the single-crystal growth apparatus 
(henceforth it is called this invention apparatus) 
based on this invention. 1 is a melting pot in 
the drawing(s). 2 is a heat-emitting body. 3 is a 
seed crystal. 4 is a single crystal. 8 is a metal 
shield member. 9 shows the shield member 
made of graphite. The melting pot 1 is 
constituted by the double structure which 
arranges a vessel 1b made of quartz in the 
inside of a vessel 1 a made of graphite. A shaft 
1c which makes a melting pot 1 rotate and 
elevate is connected with the center of the 
lower bottom-part. Moreover in the side 
periphery of the melting pot 1, the cylindrical 
heat-emitting body 2 is arranged a required 
interval apart from this. Moreover, the seed 
crystal 3 and the pulling-up apparatus (not 
shown) which pulls up, growing up a single 
crystal 4 into this is arranged in the upper part 
of the melting pot 1. 

The shield member 8 etc. is made of metal 
like copper. The upper and lower ends are is 
open. It forms a hollow reverse cone trapezoid 
by which the inner and outer diameters were 
reduced toward the lower end from the upper 
end. It is arranged just above the melt solution 
in the melting pot 1, in the concentric condition 
with this around the pulling-up region of a single 
crystal 4, making the larger diameter end 
upward and the smaller diameter end 
downward. A cooling-water pipe 8a of the 
cooling water which constitutes a cooling 
means along with this is arranged in the 
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# l N fti \tl T& *r <l£ i~ 1 1 1 '«£ ■£> y$FM. internal-circumference surface by a spiral form. 

■^Jr^'irPM^n, MTM"M8il) On the one hand, the shield member 9 is 

W>z?mwb <DT£\\zW%I% : M made of graphite. It forms a hollow reverse 

7 DPnl:< : ^W]\W^h% cone trapezoid which has a similar type a little 

TT^<6#t;ifidtx £tl"Cl larger than the shield member 8. It is arranged 

ffn LX 1 £0 st o fr^M^ISH in the outside of the shield member 8 

.'i^oTJiitf^ 1 , 3^f£2l? concentrically between the outer circumferential 

<7)^##*?®^»?><7)^{±Ei&$!{ji surfaces, by separating by a required interstice 

f^pftt-t 9 , ? /K ^ 8a *"f\f"Ix by which constitutes a ventilator for an exhaust 

£htz&mmmfflmj8iz£^ gas . 

X'MWf L> S fi Wfinm 4 > xtfo] Thus, in such this invention apparatus, the heat 

■f & &MM'MfM\ 7 M 8 ItfeMtii from the sources of a radiant heat like the 

MZtiZ&Zk. &M>WM?$W>W melting pot 1 and the heat-emitting body 2, is 

8 frMWiZliuB^tiZ) z. t interrupted by the metal shield member 8 

<, Vt^>XwMm 4 !i*f"t~£>£ft attached to the shield member made of graphite 

ffi&Mb LTf^ffli" 5I^ ? ?i 9 and cooling-water pipe 8a. Moreover the 

1 v t ^ 1) ^aM^Pflotffcf 9 (i metal shield member 8 opposite to the single 
fe&&M?mW8<Dftffl&flt<? crystal 4 is forcedly cooled down. As a result, 
"C ±ft J$ 1 7^ h £ "f 5 the metal shield member 8 is not heated to a 
SiO,CO,C02 il 7>%W$\'1r high temperature, therefore it does not work as 
h&JfkWMBM&ffi 8 <D£{k&\/^ a source of a radiant heat opposed to a single 
lt&Mt>\filti-Z>Zkfrft%5 crystal 4. And since the graphite 
z\bbt£%> 0 manufacturing shield member 9 covers the 

ttz'W-^uh4(D^\±',fMUX- periphery of the metal shield member 8 and 

f-^r y/«D±.jjfrtbi#tl8i 1 <D± interrupts SiO which is produced from the 

W<zfiltfXWi££fo6 Ar melting pot 1, CO, and C02 gas, it can also 

Iro^f-t ^ Ttfxit&M&Mffl prevent degradation or melt of the metal shield 

mU8\zfe-?X, m^liZfit member 8. 

mtiWMfflffM9 k<nffl(Dfflffi Moreover carrier gas like Ar gas supplied 

Mf&o-CJtfifl 1 f*]<7)Bfcfi£iS<£>t£ toward the upper part of a melting pot 1 from 

a) >ti , l Zfrbiftifa l <^> the upper part of a chamber in the pulling-up 

ffiWkrffl'tZffifriX^t&Lf' SiO id process of a single crystal 4, is guided to the 

x#-> &lzi#lfo l Ut)^h center of the melt-solution surface in the 

^ (iflfcft U iti^ltMWt melting pot 1, along with the metal shield 

2 t c/)Fs]<Z)i§Mj£&£llT TO 1 member 8 or along with the interstice between 
WT^STL, m>T< Lftl ^ this and the graphite manufacturing shield 
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xln liiJIrWi'S 1 1 b member 9. It flows into the circumference part 

V T if 7> <DW*£ > SiO of the melting pot 1 from here. It flows into 

W oO#iii;' (5J o ^5HS 1) £ C 6 outside out of the circumference part of a 

I i: v melting pot 1 with SiO gas which generated. It 

^i-^fS^^S.'-^'v ^TcDPt flows underneath the melting pot 1 through the 

ifc^^-£:^f£^&f[£rJt:;f"Clft ventilator between the melting pot 1 and the 

^i"~<5 ; heat-emitting body 2. It guides to the exhaust 

*tfiffi 1 <Afi!$ig±l-"FiM^ port not to illustrated. Not any trouble occurs 

f£ :200mm , _h $s pT> in introduction of carrier gas or emission of SiO 

t5:400mrTK M £ :300mm cDil^M gas, etc. 

iEP^pW-t 8 ^^(DT^^rSifetfSi: Next referring to concrete numerical values, 

10mm iififi^-ttTldlx L, f*] the test result about this invention apparatus is 

lUffiliffilzLfi^SfJ/Kt 8a :i demonstrated. 

it 30l/#£>#£|]2k£ai?jft $ ■£ The shield member (lower-end part internal- 

tz 0 ttz^ttD^JMlz 10mm (O Pal diameter:200 mm, upper-end part internal- 

Eft£IHTT34$&&i£ffigfl5tf 9 £ diameter:400 mm, and height:300 mm) made 

lEfx L , Slf! 5 4 y^(D^-%Um from copper 8 is arranged on the melt-solution 

fifefi^rtf o 7t 0 ^^SJ^^ftnla surface of the melting pot 1, positioning the 

5l±»f ii^li 2.5mm/5->*-ii/S lower end at 10 mm over the melt solution. The 

M#fr 0 cooling water of 30l/min pass through the 

~tU- J: o"C#/c^-^o cooling-water pipe 8a arranged in the internal- 

fftliGfcJ^f T^fbf^^i circumference surface. Moreover the graphite 

a (1000°CX16 0#r^) f-feo manufacturing shield member 9 is arranged in 

T t jtffiofll^fe, F*|gBISft/J> the periphery, by separating by 10 mm 

^te^4C5:H^£^of; 0 interstice. The single-crystal growth with a 

^ tLt&fkVf 2 (£>/":: £>C9flIffllS;^ diameter of 5 inches was performed. As a 

{i30%fM1~5li^tb5fefi 0 result, single crystal pulling-up velocity could 

%2mit^%mmWbttmm attain 2.5 mm/min. 

St <7)^b* Jfc^jtj^JttfcK In addition, the single crystal obtained by this 

^oWz^yf^-t^y 7X*fo <9 , HI has the uniform growth direction. Even the 

$A;~3I±$ (%) heat-of-combustion process (1000 degree-C * 

'^J&WiH^ (mm/ 7 ;)) ^tot 16 hours) does not produce the surface 

L *C 9 N ^771^ ^-l^ii^ stacking fault and the internal micro-defect were 

M^^lS^>, ^f;$£lJ|{i:^3 03 not produced. Moreover the used electric 

!-/T<i~f^5t5^flco#^'^:$*7r; L power for a heat-emitting body 2 was able to be 

tl ^ : r O ^ 7 7 h W b reduced by 30%. 
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&#n< f.i^^S^^'i^nnu.^cfiii The second diagram is a diagrammatic chart 
J:4 c -o0±# i: -itil, i$r& in which the comparison test result of the 
ffiT^3^);iM:ft single-crystal growth rate of this invention 

g;ife"n;i^l±^cD$nfoj;i/j^/^ apparatus and the conventional apparatus is 
foh^^ftn — WLtzW&Bnffcfk shown. It is shown by the horizontal axis of 

M#~Cl ^6 JL t fAB pulling-up percentage (%) and the vertical axis 
3 3 of the growth rate (mm/min). In the 

t£&hj&(D'MWiWX*litf}iil^ diagrammatic chart, Each sequence of this 
i£3rfS5)c"t~5tfiiPzk1f 8a invention apparatus with a continuous line and 

MMMFMKtfS (7)(^JHffi!;tI^ the conventional apparatus shown in Third 
7F2!-gEsxi~<5 fSsJt^r ^ L/i7)\ diagram with a broken line is shown. It is 
fpI6 ZixJiPJi bf #f*S^®f^ip|5 proved clear from this diagrammatic chart that 
W 8 f*]M z. ft — f^^Jlzfidlx L while in the conventional apparatus, the crystal 
X u ct I \ growth rate reduces gradually with a raise of the 

pulling-up rate, according to this invention 
apparatus, the consistent single-crystal growth 
rate can be completely maintained, irrespective 
of the pulling-up rate. 

In addition, the constitution is showed in the 
above-mentioned Example that the cooling- 
water pipe 8a which constitutes the cooling 
means is arranged with a spiral form in the 
internal-circumference surface of the metal 
shield member 8. 

However, it may not restrict to this at all, but it 
may arrange integrally with this in the metal 
shield member 8. 

[#J*1 [Effect] 

U-t(DiQ< ^^j^gilfcoT As mentioned above, in this invention 

lii$M^&&mz_fz&mMMF3 apparatus, since the radiant heat from the 

Mtt, B§uMMfAp\ r Ml^ J: o T sources of a radiant heat, such as a melting pot 

i\i^(D^mW^^j(D^m is interrupted by the metal shield member 

£ri$!Kfrf"<5 frh ^$iuu(0?j\ hjj equipped with cooling means and the graphite 

fpjiz^oit 5?m.^^JSd?riijE!zf^: manufacturing shield member, the temperature 

fiFL#T¥^HH^5l±ii^?r*l gradient in the pulling-up direction of a single 
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tit ^iirf Ll#§ 1 t t ^ crystal can be kept appropriate. The pulling- 
*) , '^fi^MM^Wi'&l'M^ch^ up velocity of a single crystal can be kept 
i~£[zitfo^^$!k?/*§x>'t oil"! N uniformly from beginning to end. 
%tL&) s W-vvbb tMi^rt <5^t ,f S Moreover since cooling means is provided to 
l^ii^^Wif*/-5^'t;t2)$§.tt metal shield member itself the radiant heat 
Sft.'i'>&<* f&iS^faT^iSj— received from the metal shield member itself 
'tto^<^5 : MiiTO^tfa opposed to a single crystal is little, and the 
i^^iPJji-IirfJpS^^P^nljW*-^ uniformity in the growth direction also becomes 
^XhZfrhmM^h^-'fZ) good. 

*£xt!w J: S^M^^ftSrl^it L Furthermore since the graphite 
^M$<j^^nW^^##^£ft, manufacturing shield member is provided to the 
^r/!-rtiOf^fflilf^ 9 ^i§F£r side opposed to a melting pot, metal 
l^^ubJk^ 1 £ t &o T^ae L degradation by the vapour which generates 
fift^^^^tfp/tfi^fTl ^#5 from the melting pot can be prevented. 
ft>**^(±f« ftThSbJfcSr^-f The life extension of a metal shield member 
<5 t> ~C* <5 o and the bad effect accompanied by usage of 

this is removable. Therefore, stable crystal 
growth with high-efficiency can be performed. 
This invention has such an outstanding effect. 



mm^m^mm] [brief explanation of drawings] 

% 1 mii^m^W^^m Diagram 1 is a typical sectional drawing of this 

EEL m 2 Elfi^c^^^gi: t£ invention apparatus. The second diagram is a 

JlS^ffitW^^fife^iiJ^OJtfe diagrammatic chart in which the comparison 

«f5r/ft^7 7, f|3g] test result of the crystal growth rate of this 

(i^H ? 7;V7,^r— 2fe<D— invention apparatus and the conventional 

ftf#J$£^"f"$fl ^6t)ltriSEk H apparatus is shown. The 3rd diagram is a 

4g](±^5fe^gcOfl^^l0fS[l typical sectional drawing showing the general 

"TrfcSo constitution of a Czochralski method. The 

1 itfift, 1a ^$p$<^^ diagram 4 is a typical sectional drawing of a 

1b ^^$^ll§, 1c $4, conventional apparatus. 

2 ^§#&f£ 1 melting pot, 1a graphite 

3 fl^ppH, 4 Wwbeu manufacturing vessel 

8 ^SM^RrinliM 1b quartz manufacturing vessel, 1c 

9 mMMmUtt shaft, 2 heat-emitting body 

3 seed crystal, 4 single crystal, 8 
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metal shield member 

9 shield member made of graphite 

[Hi] [A diagram 1] 



3 




{Wj 2 M ] [A second diagram] 



50 100 
51 ± $ <#) 

Vertical axis : Growth rate 
Horizontal axis : Pulling-up rate 

[if 3 El] [A 3rd diagram] 
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